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(567) A stock shape for a downhole tool component
includes a magnesium alloy including a phase containing
70 to 95 wt.% of magnesium in which 0 wt.% or more
and less than 0.3 wt.% of a rare earth metal, a metal
material other than the magnesium and the rare earth
metal, and 0.1 to 20 wt.% of a degradation accelerator
are distributed, and the stock shape has an average par-

ticle size of the metal material of 1 to 300 um, tensile
strength of 200 to 500 MPa, and a degradation rate in a
2% potassium chloride aqueous solution at 93°C of not
less than 20 mg/cm? and not greater than 20000 mg/cm?
per day. Accordingly, a downhole tool having high
strength and being readily degradable is established.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a stock shape
for a downhole tool component, a downhole tool compo-
nent, and a downhole tool.

BACKGROUND ART

[0002] A hydrocarbon resource such as petroleum or
natural gas is recovered and produced from a well (an
oil well or a gas well; may collectively be referred to as
a"well") including a porous and permeable subterranean
formation. A downhole tool serving as a device config-
ured to form a hole for forming such a well (in other words,
a hole provided to form a well; may be referred to as a
"downhole") is used in high-temperature, high-pressure
environments. Thus, each component constituting the
downhole tool also need to have high strength. Further-
more, since the downhole tool is difficult to extract after
use, a downhole tool component used in isolation and
sealing applications needs to be degradable and remov-
able in a location of use.

[0003] A component using a degradable resin or rub-
ber has been used as the degradable and removable
downhole tool component, but may have insufficient
strength and heat resistance, and a metal or a non-de-
gradable resin may be used for a component that needs
to have high strength or high heat resistance. When the
component including a metal or a non-degradable resin
is used, the component needs to be broken into small
fragments by milling or the like to be retrieved, and a cost
and labor increase. Furthermore, a milling defect and a
retrieval failure may cause production impediment. Fur-
thermore, in the case of a downhole tool including a com-
bination of a degradable resin or rubber and a non-de-
gradable metal or resin, the non-degradable component
remains in awell, and may cause productionimpediment.
Thus, there is a demand for a metal component readily
degradable after use.

[0004] Patent Documents 1 and 2 each describe use
of a magnesium alloy material containing aluminum, lith-
ium, calcium, yttrium, and the like in a product for sub-
terranean work such as a petroleum well or a natural gas
well, and each describe quick degradation of this mag-
nesium alloy material.

[0005] Patent Document 3 describes a plug that is a
downhole tool using a slip and a mandrel made of a mag-
nesium alloy.

[0006] Patent Document4 describes a magnesium al-
loy cast forged material having a reduced weight and
being excellent in strength.

CITATION LIST

[0007] Patent Document
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Patent Document 1: Chinese Patent Publication No.
104004950 (published August 27, 2014)

Patent Document 2: Chinese Patent Publication No.
104651691 (published May 27, 2015)

Patent Document 3: US 2014/0251691 A (published
September 11, 2014)

Non-Patent Document

[0008] Non-Patent Document 1: Yoichi KANAMORI,
Katsuya HIO, Mie Prefectural Science and Technology
Promotion Center, Industrial Research Division Re-
search Report, No. 31, pp. 30-35, 2007

SUMMARY OF INVENTION
Technical Problems

[0009] As described above, a component for a down-
hole tool needs to have high strength and also to be read-
ily degradable.

[0010] The magnesium alloy material described in Pat-
ent Document 1 has been developed to improve a deg-
radation rate without particular consideration for
strength. Itis difficult to obtain a magnesium alloy material
having strength sufficient for a downhole tool simply by
defining metal material components and contents in the
magnesium alloy material.

[0011] Furthermore, the magnesium alloy material de-
scribed in Patent Document 2 contains yttrium for in-
creasing strength. A rare earth metal such as yttrium is
expensive, and thus, when the magnesium alloy material
contains a rare earth metal, a material cost increases.
Furthermore, a magnesium alloy material containing a
rare earth metal is extremely hard, and thus is difficult to
process. Furthermore, such a magnesium alloy material
is difficult to process, and thus a processing cost also
increases.

[0012] Patent Document 3 only describes use of a
magnesium alloy in forming a downhole tool, and does
not describe establishment of a downhole tool having
high strength and being readily degradable.

[0013] Furthermore, Non-Patent Document 1 does not
describe use of a magnesium alloy cast forged material
as a downhole tool nor degradability of a component
formed by using this material. That is, Non-Patent Doc-
ument 1 does not describe establishment of a downhole
tool having high strength and being readily degradable.
[0014] An aspect of the present invention is made in
light of the above problems, and an objective of an aspect
of the present invention is to establish a stock shape for
a downhole tool component for forming a downhole tool
component having high strength and being also readily
degradable, and further to provide a downhole tool com-
ponent using the stock shape, a downhole tool, a well
treatment method, and a method of producing the stock
shape.
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Solution to Problems

[0015] To solve the above problems, a stock shape for
a downhole tool component according to an aspect of
the presentinvention includes a magnesium alloy includ-
ing a phase containing not less than 70 wt.% and not
greater than 95 wt.% of magnesium in which not less
than 0 wt.% and less than 0.3 wt.% of a rare earth metal,
a metal material other than the magnesium and the rare
earth metal, and not less than 0.1 wt.% and not greater
than 20 wt.% of a degradation accelerator are distributed,
and the stock shape has an average crystal grain size of
the magnesium alloy of not less than 0.1 um and not
greater than 300 pum, tensile strength of not less than
200 MPa and not greater than 500 MPa, and a degrada-
tion rate in a 2% potassium chloride aqueous solution at
93°C of not less than 20 mg/cm2 and not greater than
20000 mg/cm? per day.

[0016] A downhole tool componentaccording to an as-
pect of the present invention is formed with the above
stock shape for a downhole tool component.

[0017] A downhole tool according to an aspect of the
presentinvention includes the above downhole tool com-
ponent.

[0018] A well treatment method according to an aspect
of the present invention uses the above downhole tool.

[0019] A stock shape for a downhole tool component
according to an aspect of the present invention includes
a magnesium alloy including a phase containing not less
than 70 wt. % and not greater than 95 wt.% of magnesium
in which not less than 0 wt.% and less than 0.3 wt.% of
a rare earth metal and a metal material other than the
magnesium and the rare earth metal are distributed, and
the stock shape has an average crystal grain size of the
magnesium alloy of not less than 0.1 um and not greater
than 300 wm, and tensile strength of not less than 200
MPa and not greater than 500 MPa.

Advantageous Effects of Invention

[0020] The stock shapeforadownhole tool component
according to an aspect of the present invention has the
average crystal grain size of the magnesium alloy of not
less than 0.1 pum and not greater than 300 um and the
content of the degradation accelerator of not less than
0.1 wt.% and not greater than 20 wt.%, and thus, the
stock shape has high strength of not less than 200 MPa
and not greater than 500 MPa corresponding to tensile
strength suitable for well drilling, and is also readily de-
gradable.

Brief Description of the Drawings
[0021] FIG. 1is a schematic view illustrating a specific

example of a downhole tool according to an aspect of
the present invention.
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Description of Embodiments
Stock shape for Downhole Tool Component

[0022] A stock shape for a downhole tool component
according to an aspect of the present invention includes
a magnesium alloy including a phase containing not less
than 70 wt.% and not greater than 95 wt. % of magnesium
in which not less than 0 wt.% and less than 0.3 wt.% of
arare earth metal, a metal material other than the mag-
nesium and the rare earth metal, and not less than 0.1
wt.% and not greater than 20 wt.% of a degradation ac-
celerator are distributed, and the stock shape has an av-
erage crystal grain size of the magnesium alloy of not
less than 0.1 wm and not greater than 300 wm, and tensile
strength of not less than 200 MPa and not greater than
500 MPa. Furthermore, the stock shape for a downhole
tool component according to an aspect of the present
invention has a degradation rate in a 2% potassium chlo-
ride aqueous solution at 93°C of not less than 20 mg/cm?
and not greater than 20000 mg/cm? per day. The stock
shape for a downhole tool component according to an
aspect of the present invention may simply be referred
to as a stock shape hereinafter.

[0023] The stock shape has high strength of not less
than 200 MPa and not greater than 500 MPa correspond-
ing to tensile strength suitable for well drilling, and is also
readily degradable in an aqueous solution of chloride
such as potassium chloride (KC1). Therefore, the stock
shape is favorably used for forming a downhole tool com-
ponent constituting a downhole tool used in well drilling.
Furthermore, even though the stock shape includes a
small amount of a rare earth metal or no rare earth metal
that is generally added to increase strength, the stock
shape obtains sufficient strength. Thus, the stock shape
is easy to process and can also reduce costs of a material
and of processing. Here, the stock shape having high
strength refers to a stock shape having high tensile
strength, and can be a stock shape having a high load
capacity and having increased yield strength and an in-
creased compressive strength due to high tensile
strength.

Magnesium Alloy

[0024] The stock shape includes a magnesium alloy
containing magnesium as a main component. A content
of the magnesium in the magnesium alloy is not less than
70 wt.% and not greater than 95 wt.% with respect to a
total of the magnesium alloy. Accordingly, while the stock
shape has a reduced weight, the stock shape can obtain
certain strength.

Metal Material and Degradation Accelerator
[0025] The magnesium alloy further includes, in addi-

tion to the magnesium and the rare earth metal, another
metal material than the magnesium and the rare earth
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metal. This metal materialincludes a metal material serv-
ing as a degradation accelerator for promoting degrada-
tion of magnesium, and a metal material other than the
degradation accelerator, and the magnesium alloy in-
cludes both the degradation accelerator and the metal
material. That is, the magnesium alloy further includes
the metal material and the degradation accelerator, other
than the magnesium and the rare earth metal. The mag-
nesium alloy includes the metal material other than the
degradation accelerator, and accordingly, the stock
shape can obtain high strength.

[0026] The metal material other than the degradation
accelerator of the other metal material than the magne-
sium and the rare earth metal is not particularly limited
as long as the metal material is a metal other than the
magnesium and the rare earth metal, but is preferably at
least one metal selected from the group consisting of
aluminum and zirconium. Furthermore, the magnesium
alloy may include one of the metal material other than
the degradation accelerator, but more preferably in-
cludes two or more of the metal materials. The magne-
sium alloy may further include manganese, silicon, lithi-
um, and the like as the metal material other than the
degradation accelerator. A total content of the metal ma-
terial other than the degradation accelerator in the mag-
nesium alloy is preferably not less than 3 wt.% and not
greater than 20 wt.%, more preferably not less than 4
wt.% and not greater than 18 wt.%, and even more pref-
erably not less than 5 wt.% and not greater than 15 wt. %,
with respect to a total of the magnesium alloy.

[0027] The magnesium alloy preferably includes alu-
minum alone, aluminum and manganese, or aluminum
and zirconium as the metal material other than the deg-
radation accelerator, but more preferably includes alu-
minum alone as the metal material other than the deg-
radation accelerator. Accordingly, the stock shape can
have higher strength and also improved plasticity.
[0028] The metal material serving as the degradation
accelerator of the other metal material than the magne-
sium and the rare earth metal refers to a metal material
having a large potential difference from magnesium to
accelerate corrosion of magnesium. Examples of the
metal material serving as the degradation accelerator in-
clude iron, nickel, copper, cobalt, zinc, cadmium, calci-
um, and silver. The magnesium alloy more preferably
includes, as the metal material serving as the degrada-
tion accelerator, at least one metal selected from the
group consisting of zinc, calcium, iron, nickel, copper,
and cobalt, and even more preferably at least one metal
selected from the group consisting of iron, nickel, copper,
and cobalt. Accordingly, the stock shape is more readily
degradable.

[0029] Furthermore, since zinc, calcium, and copper
each have a high strength improvement effect of the mag-
nesium alloy, the magnesium alloy particularly preferably
includes zinc, calcium, and copper as the metal material
serving as the degradation accelerator. Further, calcium
has an effect of increasing an ignition temperature of the
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magnesium alloy and making the magnesium alloy flame
retardant. The magnesium alloy may include a combina-
tion of aluminum and zinc, aluminum and calcium, or alu-
minum, zinc, and calcium as the metal material serving
as the degradation accelerator.

[0030] A content of the metal material serving as the
degradation accelerator in the magnesium alloy is not
less than 0.1 wt.% and not greater than 20 wt.% with
respect to a total of the magnesium alloy, but when the
metal material serving as the degradation accelerator in-
cludes at least one selected from the group consisting of
iron, nickel, copper, and cobalt, the content of the metal
material serving as the degradation accelerator in the
magnesium alloy may be not less than 0.01 wt.% and
not greater than 20 wt.%. Iron, nickel, copper, and cobalt
each have a higher degradation promoting effect. Thus,
when the metal material serving as the degradation ac-
celerator includes iron, nickel, copper, and cobalt, deg-
radation of the magnesium alloy can be favorably accel-
erated even when the content of the metal material serv-
ing as the degradation accelerator in the magnesium al-
loy is not less than 0.1 wt.%.

[0031] When the magnesium alloy includes aluminum
as the metal material other than the degradation accel-
erator and includes zinc as the degradation accelerator,
acontent of the aluminum in the magnesium alloy is pref-
erably not less than 3 wt.% and not greater than 15 wt.%,
and more preferably not less than 4 wt.% and not greater
than 13 wt.%, with respect to a total of the magnesium
alloy. Furthermore, a content of the zinc in the magnesi-
um alloy is preferably not less than 0.1 wt.% and not
greater than 5 wt.%, and more preferably not less than
0.2 wt.% and not greater than 3 wt.%, with respect to a
total of the magnesium alloy.

[0032] In the magnesium alloy, the metal material in-
cluding the degradation accelerator undergoes solid so-
lution in a phase containing magnesium, thatis, in crystal
grains of the magnesium or is present in a particulate
form outside the crystal grains, and thus, the metal ma-
terial including the degradation accelerator is distributed
in the magnesium alloy. When the crystal grain size of
the magnesium alloy is large, a forming defect such as
acrackis likely to be generated during forming performed
after casting and strength is also likely to decrease after
forming, and furthermore, dispersibility of the metal ma-
terial including the degradation accelerator and present
in the crystal grains also decreases. Therefore, as de-
scribed below, the crystal grain size of the magnesium
alloy is preferably small, and furthermore, the metal ma-
terial including the degradation accelerator is preferably
uniformly distributed in the magnesium crystal grains or
outside the crystal grains. Accordingly, the stock shape
can generally obtain high strength.

[0033] Dispersibility of the metal material including the
degradation accelerator in the magnesium alloy can be
confirmed by using a metal microscope, a SEM, a SEM-
EDX, and the like to observe a cut section of the mag-
nesium alloy subjected to cutting. Furthermore, when the
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metal material including the degradation accelerator is
uniformly distributed in the magnesium phase, an amount
of the metal material including the degradation acceler-
ator between pieces cutin a certain shape from the stock
shape is substantially same. As a result, even a relatively
large component such as a downhole tool component
produced from the stock shape has favorable mechanical
properties and degradability, and the stock shape is ap-
plicable to such a component without the component re-
maining as a large fragment upon removal.

[0034] The average particle size of the metal material
including the degradation accelerator and distributed in
the magnesium alloy is preferably not greater than 100
pm. The metal material including the degradation accel-
erator and distributed in the magnesium alloy has a cer-
tain large particle size, and accordingly contributes to the
strength improvement. Therefore, the average particle
size of the metal material including the degradation ac-
celerator and distributed in the magnesium alloy is not
greater than 100 wm and accordingly the stock shape
can obtain high strength.

[0035] More specifically, a portion of the metal material
including the degradation accelerator and distributed in
the magnesium alloy undergoes solid solution, and an-
other portion of the metal material does not undergo solid
solution by casting and thermal refining (heat treatment)
performed after the casting, forming such as extrusion
or forging, and further heat treatment performed after the
forming, and the portion without undergoing solid solution
crystallizes out as acompound such as Mg,Al4,, orcrys-
tallizes out alone. The compound or the metal material
having thus crystallized out may cause a forming defect
depending on an amount and a size of the compound or
the metal material. On the other hand, a stock shape for
adownhole tool having high strength and being alsoread-
ily degradable can be established by appropriately ad-
justing the amount and the size of the compound or the
metal material in a formed product.

[0036] Therefore, the metal material including the deg-
radation accelerator and distributed in the magnesium
alloy is mainly refers to the compound and the metal ma-
terial having crystallized out without undergoing solid so-
lution in the magnesium alloy. When an average particle
size of the compound and the metal material having thus
crystallized out is not greater than 100 wm, a stock shape
for a downhole tool having high strength and being also
readily degradable can be established. Note that a par-
ticle size of the metal material including the degradation
accelerator and having undergone solid solution in the
magnesium alloy is extremely small, as small as not
greater than 1 um, and is expected to be smaller than a
particle size of the compound and the metal material hav-
ing crystallized out without undergoing solid solution. A
lower limit of the average particle size of the metal ma-
terial including the degradation accelerator and distrib-
uted in the magnesium alloy may be set to an average
particle size of the metal material having undergone solid
solution.

10

15

20

25

30

35

40

45

50

55

[0037] Furthermore, the average particle size of the
metal material including the degradation accelerator is
as small as not greater than 100 uwm, and accordingly,
particles of the metal material forming a compound with
magnesium or being present alone in the magnesium
alloy can be present more uniformly. As a result, a down-
hole tool component produced from the stock shape has
favorable degradation characteristics and does not re-
main as a large fragment upon removal.

Rare Earth Metal

[0038] The magnesium alloy includes not less than 0
wt.% and less than 0.3 wt.% of a rare earth metal. In
other words, the magnesium alloy may include the rare
earth metal, or may include no rare earth metal, and when
the magnesium alloy includes the rare earth metal, the
amount of the rare earth metal is as extremely small as
less than 0.3 wt.% with respect to a total of the magne-
sium alloy. Since the stock shape establishes high
strength due to the above metal material, the stock shape
does not need to contain the rare earth metal to increase
strength. Thatis, since the stock shape uses norare earth
metal that is expensive and difficult to process, a material
cost can be reduced, and processing can be facilitated
and a processing cost can be reduced.

[0039] The magnesium alloy preferably includes not
greater than 0.2 wt.% of the rare earth metal, and most
preferably includes no rare earth metal. An example of
the rare earth metal that the magnesium alloy may in-
clude includes yttrium, but the rare earth metal is not
limited to this example. When the magnesium alloy in-
cludes the rare earth metal, the rare earth metal is pref-
erably uniformly distributed in the magnesium phase.

Average Crystal Grain Size

[0040] An average crystal grain size of the magnesium
alloy is not less than 0.1 wm and not greater than 300
pm. A small average crystal grain size of the magnesium
alloy contributes to strength improvement. Thus, when
the average crystal grain size of the magnesium alloy is
not less than 0.1 wm and not greater than 300 um, the
stock shape can obtain higher strength. Furthermore,
when the average crystal grain size of the magnesium
alloy is not less than 0.1 wm and not greater than 300
pm, dispersibility of the metal material and the like
presentin the crystal grains improves. In the stock shape,
the average crystal grain size of the magnesium alloy is
an average crystal grain size calculated by a measure-
ment method according to the JIS standard (JIS G 0551).
That s, the average crystal grain size of the magnesium
alloy is an average crystal grain size determined by using
a method of section including counting on a SEM at a
known magnification the number of the crystal grains
captured per millimeter of a test line having a known
length or the number of intersections between a test line
and crystal grain boundaries in a portion representing a
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test piece of the magnesium alloy.
Tensile Strength

[0041] The stock shape has tensile strength of not less
than 200 MPa and not greater than 500 MPa. Since the
tensile strength of the stock shape is as high as not less
than 200 MPa and not greater than 500 MPa, the stock
shape is very suitable for the application of forming a
downhole tool component and a downhole tool for well
drilling. The tensile strength of the stock shape is prefer-
ably not less than 250 MPa and not greater than 500
MPa, and more preferably not less than 300 MPa and
not greater than 500 MPa.

[0042] The tensile strength of the stock shape can be
measured by a known method in the related art. For ex-
ample, the tensile strength of the stock shape can be
measured in conformance with JISZ2241 (ISO6892) by
using a test piece set forth in JIS Z2201 and applying
strain until fracture occurs by tensile force.

Average Particle Size

[0043] The average particle size of the metal material
and the degradation accelerator can be measured by
capturing an image of a cut section of the magnesium
alloy subjected to cutting and by calculating an average
particle size of 30 microparticles. When the metal mate-
rial and the degradation accelerator have a spherical
shape, a diameter of the sphere is defined as a particle
size. When the metal material and the degradation ac-
celerator have a needle shape or a rod shape, a short
diameter is defined as a particle size. When the metal
material and the degradation accelerator are unshaped,
an average diameter from the center of gravity is defined
as a particle size.

Degradation Rate

[0044] The stock shape is configured to cause a down-
hole tool component or a downhole tool formed by using
the stock shape to readily degrade. That is, the stock
shape has a degradationrate in a 2% potassium chloride
aqueous solution at 93°C of not less than 20 mg/cm?2 and
not greater than 20000 mg/cm? per day. Accordingly, the
downhole tool or the downhole tool component can quick-
ly degrade after well operation. The stock shape more
preferably has the degradation rate in a 2% potassium
chloride aqueous solution at 93°C of not less than 500
mg/cm?2 and not greater than 2500 mg/cm? per day. Note
that the stock shape is also degradable in any other chlo-
ride aqueous solution than the potassium chloride aque-
ous solution. Furthermore, the chloride aqueous solution
preferably has pH controlled to be not greater than 11.
At pH of 11, a passive film mainly including magnesium
hydroxide is formed and the degradation rate decreases.
[0045] When the degradation rate of the stock shape
is less than 20 mg/cm?2, the degradation rate in a well is
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low, and the stock shape remains as a component and
accordingly may cause production impediment. Further-
more, when the degradation rate is greater than 20000
mg/cm?2, the degradation rate in a well excessively in-
creases, and thus, degradation proceeds during well
treatment such as hydraulic fracturing. Then, a hydraulic
pressure cannot be kept, and a step defect may occur.

[0046] When the degradation rate at 93°C is not less
than 20 mg/cm2 and not greater than 20000 mg/cm2, well
treatment can be carried out without problem, for exam-
ple, at a temperature of 177°C, 163°C, 149°C, 121°C,
93°C, 80°C, or 66°C, and further at a temperature such
as from 25°C to 40°C, and degradation proceeds within
a certain period after the well treatment, and a downhole
tool component having degradability without necessity
of milling of the component is established. Then, such a
downhole tool component can be used in the above tem-
perature range.

[0047] Note that a surface of a downhole tool compo-
nent using the stock shape may be coated to prevent
degradation of the downhole tool component during well
treatment from proceeding and to provide corrosion re-
sistance to the downhole tool component.

[0048] Furthermore, the stock shape preferably has a
ratio of a degradation rate in a 2% potassium chloride
aqueous solution at 93°C and a degradation rateina 7%
potassium chloride aqueous solution at 93°C of from
1.01:1 10 3.0:1. A 2% to 7% potassium chloride aqueous
solution is generally used depending on an amount of
clay during well drilling. Thus, the stock shape having a
large difference in the degradation rate between a 2%
potassium chloride aqueous solution and a 7% potassi-
um chloride aqueous solution is difficult to use in well
drilling. Therefore, the stock shape needs not to have a
large difference between the degradation rate in a 2%
potassium chloride aqueous solution at 93°C and the
degradation rate in a 7% potassium chloride aqueous
solution at 93°C. The stock shape more preferably has
aratio of the degradation rate in a 2% potassium chloride
aqueous solution at 93°C and the degradation rate in a
7% potassium chloride aqueous solution at 93°C of from
1.02:1 to 2.5:1.

[0049] Further, the stock shape is preferably degrada-
ble in a 1% potassium chloride aqueous solution. Various
types of chloride solutions such as potassium chloride
tend to be used in a reduced amount owing to environ-
mental issues, and there is a demand for a downhole tool
component degradable even in such alow-concentration
chloride solution.

[0050] Furthermore, the stock shape is also preferably
degradable in a lower-concentration chloride solution
suchasanotlessthan0.01% and less than 0.5% chloride
solution. A not less than 0.01% and less than 0.5% chlo-
ride aqueous solution may also be used in degradation
of a downhole tool. The stock shape has the degradation
rate in a 2% potassium chloride aqueous solution of not
less than 20 mg/cm? and not greater than 20000 mg/cm?
per day, and thus can also establish a practical degra-
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dation rate in a lower-concentration chloride solution
such as anotlessthan 0.01% and less than 0.5% chloride
solution.

[0051] The stock shape preferably has an outer diam-
eter of not less than 30 mm and not greater than 200
mm, more preferably not less than 40 mm and not greater
than 150 mm, even more preferably not less than 50 mm
and not greater than 120 mm, and most preferably not
less than 50 mm and not greater than 100 mm. The stock
shape for a downhole tool component needs to have a
size as large as an outer diameter of not less than 30
mm and not greater than 200 mm to form a downhole
tool component. However, itis particularly difficult to form
a stock shape having a large size and high strength. The
stock shape according to an aspect of the present inven-
tion has high strength even with a size as large as an
outer diameter of not less than 30 mm and not greater
than 200 mm. Thus, a downhole tool component or a
downhole tool having high strength can be formed by
using this stock shape. Details of a shape of the stock
shape and a method of producing the stock shape will
be described below.

Downhole Tool Component

[0052] A downhole tool component according to an as-
pect of the present invention is formed with the stock
shape for a downhole tool component according to an
aspect of the present invention. Since the downhole tool
component according to an aspect of the present inven-
tion is formed with the above stock shape according to
an aspect of the present invention, the downhole tool
component has strength high enough to withstand well
drilling in high-temperature, high-pressure environ-
ments, and is also readily degradable in a chloride solu-
tion after well drilling. Note that at least a portion of the
downhole tool component according to an aspect of the
present invention may be formed with the stock shape
according to an aspect of the present invention.

[0053] The downhole tool component refers to a com-
ponent constituting at least a portion of a downhole tool.
The "downhole tool" is generally a tool used to form a
downhole (may be referred to as a "wellbore" or a "sub-
terranean drilling bore") provided at the time of well drill-
ing from above the ground (including above water) to-
ward a production reservoir to acquire a hydrocarbon re-
source such as petroleum such as shale oil and natural
gas such as shale gas, and serving as a flow path of the
hydrocarbon resource to recover the hydrocarbon re-
source after completion of the well. A specific example
of the downhole tool includes an isolation plug such as
afracplug, abridge plug, apacker, and acementretainer.
[0054] As a specific example of the downhole tool, a
plug illustrated in a schematic view of FIG. 1 will be de-
scribed. The plug that is the downhole tool includes the
downhole tool component such as a mandrel 1, a center
element 2, slips 3 and 3’, backup rings 4 and 4’, a load
ring 5, cones 6 and 6’, a shear sub 7, a bottom 8, and a
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ball 9. Furthermore, the plug may include a screw (not
illustrated) for fixing the downhole tool component such
as a side part. The case where the plug illustrated sche-
matically in FIG. 1 is used will be described below.
[0055] Theloadring5is configured to be slidable along
an axial direction of the mandrel 1 on an outer circum-
ferential surface of the mandrel 1 at an interval change-
able between the load ring 5 and the mandrel 1. In addi-
tion, the load ring 5 is configured to be capable of directly
or indirectly coming into contact with an end part along
the axial direction of a combination of the diameter-ex-
pandable center element 2, the slips 3 and 3’, the backup
rings 4 and 4’, the cones 6 and 6’, the shear sub 7, and
the bottom 8 to apply force in the axial direction of the
mandrel 1 to the combination. The diameter-expandable
center element 2 expands in diameter in a direction or-
thogonal to the axial direction of the mandrel 1 to come
into contact with an inner wall of the downhole and closes
(seals) a space between the plug and the downhole.
Then, while perforation or fracturing in well treatment de-
scribed below is performed, the diameter-expandable
center element 2 can maintain the contact with the inner
wall of the downhole and functions to maintain the sealing
between the plug and the downhole. Furthermore, the
force in the axial direction of the mandrel 1 is applied to
the backup rings 4 and 4’, and accordingly, the slips 3
and 3’ slide on upper surfaces of slant surfaces of the
backup rings 4 and 4’. As aresult, the slips 3 and 3’ move
outward in a direction orthogonal to the axial direction of
the mandrel 1 and come into contact with the inner wall
of the downhole to fix the plug and the inner wall of the
downhole.

[0056] The downhole tool component according to an
aspect of the present invention preferably serves as the
mandrel 1 or the side part as described above, and an
example of the side partincludes at least a portion of the
slips 3 and 3’, the backup rings 4 and 4’, the load ring 5,
the cones 6 and 6’, the shear sub 7, and the bottom 8 as
described above. Note that the side part such as the slips
3 and 3’ can be formed with the stock shape according
to an aspect of the present invention and other materials
such as iron, and the side part such as the shear sub 7,
and the load ring 5 can be formed with the stock shape
according to an aspect of the present invention alone.
[0057] Furthermore, the downhole tool component ac-
cording an aspect of the present invention may serve as
apartconfigured to temporarily seal aflow path inadown-
hole tool (a sealing component), or a portion of the part,
and such a part can have a ball shape, a screw shape,
or a push pin shape. Specific examples of such a part
include the ball 9 provided in a hollow part of the mandrel
1illustrated in FIG. 1. The ball 9 is provided to be movable
along the axial direction of the mandrel 1 in the hollow
part. The ball 9 comes into contact with or separates from
a cavity present between the hollow part and the load
ring 5, and accordingly, the ball 9 can temporarily seal
or open the flow path in the plug.

[0058] The downhole tool component according to an
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aspect of the present invention preferably has an outer
diameter of not less than 30 mm and not greater than
200 mm. The downhole tool component having an outer
diameter of not less than 30 mm and not greater than
200 mm is suitable for constituting a downhole tool. The
downhole tool component according to an aspect of the
presentinvention can be obtained by subjecting the stock
shape according to an aspect of the present invention to
machining such as cutting and perforation.

Downhole Tool

[0059] A downhole tool according to an aspect of the
presentinvention includes the above downhole tool com-
ponent according to an aspect of the present invention.
A specific example of the downhole tool according to an
aspect of the present invention includes the above plug
illustrated in the schematic view of FIG. 1, but a structure
of the plug is not limited to the structure illustrated in the
schematic view of FIG. 1. The downhole tool according
to an aspect of the presentinvention is preferably adown-
hole tool selected from the group consisting of a frac plug
and a bridge plug.

[0060] Since the downhole tool according to an aspect
of the present invention includes the downhole tool com-
ponent according to an aspect of the present invention,
the downhole tool has strength high enough to withstand
well drilling in high-temperature, high-pressure environ-
ments, and is also readily degradable in a chloride solu-
tion after well drilling.

Degradable Resin

[0061] The downhole tool according to an aspect of
the presentinvention may further include a downhole tool
component formed with a degradable resin. An example
of the degradable resin forming the downhole tool com-
ponent includes a degradable resin having biodegrada-
bility and being degradable by microorganisms in the for-
mation in which fracturing fluid and the like are used, or
a degradable resin having hydrolyzability and being de-
gradable in a solvent such as fracturing fluid, particularly
in water, and further as necessary in acid or alkali. Fur-
thermore, the degradable resin may be a resin degrada-
ble by any other method, for example, by chemical deg-
radation under a heating condition including a tempera-
ture not less than a specific temperature. Preferably, the
degradable resin is a hydrolyzable resin being degrada-
ble in water at a temperature not less than a specific
temperature. Note that the degradable resin also in-
cludes a resin having the intrinsic strength decreased by
a decrease in a degree of polymerization or the like to
become brittle, and as a result easily disintegrating by
application of very small mechanical force to lose the
shape (may be referred to as "disintegrability" hereinaf-
ter).

[0062] A downhole tool or a downhole tool component
needs to be excellent in mechanical properties including
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impact resistance and also excellent in degradability in
harsh and diverse environments such as deep subterra-
nean high-temperature, high-pressure environments.
Therefore, from this perspective, examples of the degra-
dable resin include aliphatic polyester such as polylactic
acid (PLA), polyglycolic acid (PGA), and poly-e-caprol-
actone (PCL), and polyvinyl alcohol (partially saponified
polyvinyl alcohol and the like having a degree of sapon-
ification of 80 to 95 mol%), but the degradable resin is
more preferably aliphatic polyester. Furthermore, a com-
bination of components forming aromatic polyester such
as terephthalic acid can also be used as long as proper-
ties as a degradable resin are kept. The degradable resin
can be used alone or a combination obtained by blending
two or more types of the degradable resins can also be
used.

[0063] From the perspective of excellent mechanical
properties including impact resistance and excellent de-
gradability that a downhole tool or a downhole tool com-
ponent need to have, the aliphatic polyester is most pref-
erably at least one selected from the group consisting of
PGA, PLA, and a glycolic acid-lactic acid copolymer (PG-
LA), and PGA is even more preferable. That is, the de-
gradable resin is most preferably PGA. Note thatthe PGA
encompasses a homopolymer of glycolic acid, and also
a copolymer containing not less than 50 mass%, prefer-
ably not less than 75 mass%, more preferably not less
than 85 mass%, even more preferably not less than 90
mass %, particularly preferably not less than 95 mass%,
most preferably not less than 99 mass%, and especially
preferably not less than 99.5 mass% of glycolic acid re-
peating units. Furthermore, the PLA encompasses a
homopolymer of L-lactic acid or D-lactic acid, and also a
copolymer containing not less than 50 mass %, preferably
not less than 75 mass%, more preferably not less than
85 mass%, and even more preferably not less than 90
mass% of L-lactic acid or D-lactic acid repeating units. A
copolymer having a ratio (mass ratio) of glycolic acid re-
peating units to lactic acid repeating units of from 99:1
to 1:99, preferably from 90:10 to 10:90, and more pref-
erably from 80:20 to 20:80 can be used as the PGLA.
[0064] A content of the degradable resin in the down-
hole tool component can be determined as appropriate
in consideration of impact resistance and tensile charac-
teristics that the downhole tool or the downhole tool com-
ponent need to have and in consideration of ease of re-
moval performed as necessary after well drilling. How-
ever, the content is typically from 70 to 97 mass%, pref-
erably from 73 to 96 mass%, more preferably from 76 to
95.5 mass%, and even more preferably from 79 to 95
mass%, with respect to 100 mass% of a total of the de-
gradable resin and other components in the downhole
tool component.

[0065] Furthermore, the downholetoolcomponentthat
the downhole tool according to an aspect of the present
invention can include may be formed with a degradable
resin composition including the above degradable resin,
and the degradable resin composition may further in-
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clude a reinforcing agent such as an organic fiber rein-
forcing agent, an inorganic fiber reinforcing agent, or a
particulate-form or powder-form reinforcing agent, a
chain extender, a stabilizer, a degradation accelerator,
a degradation inhibitor, and the like.

[0066] Examples of the organic fiber reinforcing mate-
rial include organic fiber having a high melting point and
formed with a polyamide resin, a polyester resin, an acryl-
ic resin, a fluororesin, and the like. However, from the
perspective of mechanical strength, impact resistance,
and degradability of the degradable resin composition
forming the downhole tool or the component thereof, a
preferable example of the organic fiber reinforcing ma-
terial includes an organic fiber reinforcing material cate-
gorized as so-called high-performance/high-function fib-
er or super fiber having high strength, impact resistance,
heatresistance, and the like. More specifically, examples
of the organic fiber reinforcing material include aramid
fiber (all types of aromatic polyaramid fiber) such as Kev-
lar (trade mark), Towaron (trade mark), Technora (trade
mark), and Nomex (trade mark); polyparaphenylene ben-
zobisoxazole fiber such as Zylon (trade mark); polyar-
ylate fiber (polyester) such as Vectran (trade mark);
tetrafluoroethylene fiber such as Toyoflon (trade mark)
and Teflon (trade mark); and ultra high molecular weight
polyethylene fiber such as Dyneema (trade mark). Ara-
mid fiber or polyparaphenylene benzobisoxazole fiber
are particularly preferable.

[0067] Examples of the inorganic fiber reinforcing ma-
terial include inorganic fiber such as glass fiber, carbon
fiber, asbestos fiber, silica fiber, alumina fiber, zirconia
fiber, boron nitride fiber, silicon nitride fiber, boron fiber,
and potassium titanate fiber; and alloy fiber or metal fiber
such as stainless steel, aluminum, titanium, steel, and
brass.

[0068] Examples of the particulate-form or powder-
form reinforcing material that can be used include mica,
silica, talc, alumina, kaolin, calcium sulfate, calcium car-
bonate, titanium oxide, ferrite, clay, glass powder (milled
fiber or the like), zinc oxide, nickel carbonate, iron oxide,
quartz powder, magnesium carbonate, and barium sul-
fate.

[0069] As the chain extender, a compound used in the
related art as a chain extender of a degradable resin can
be used. Examples of the chain extender include an ox-
azoline compound, an isocyanate compound, a carbox-
yimide compound, a carboxyimide modified isocyanate
compound, afatty acid bisamide compound, an alkyl sub-
stituted fatty acid monoamide compound, a 1- to 3-func-
tional glycidyl modified compound having a triazine
framework, an epoxy compound, an acid anhydride, an
oxazine compound, and a ketene compounds. One type
or a combination of two or more types thereof may be
used.

Degradable Rubber

[0070] The downhole tool according to an aspect of

10

15

20

25

30

35

40

45

50

55

the presentinvention may further include a downhole tool
component formed with a degradable rubber.

[0071] Examples of the downhole tool component
formed with the degradable rubber can include a rubber
component fora downhole tool such as a seal component
such as an isolation component in the above isolation
plug that is the downhole tool, and a ball seat used in a
frac sleeve (sleeve system) or the like.

[0072] The degradable rubber forming the downhole
tool component preferably has a decrease rate of a com-
pressive elasticity modulus obtained after immersion of
the degradable rubber for 24 hours in 150°C water with
respect to a compressive elasticity modulus obtained be-
fore the immersion of not less than 5%. The degradable
rubber having strength thus decreasing also has surface
hardness that decreases in the course of degradation.
For example, an ester urethane rubber of hardness A82
immersed in 121°C deionized water (DI water) obtains
hardness A25 after 13 hours and hardness A0 after 48
hours, and becomes gel after 72 hours. Such a hardness
decrease associated with degradation is dependent on
temperature. For example, time until hardness reaches
0is 350 hours at 93°C, 270 hours at 99°C, 135 hours at
104°C, 110 hours at 110°C, 36 hours at 116°C, 26 hours
at 121°C, 7 hours at 132°C, and the like.

[0073] Such degradation behavior of the degradable
rubber can be adjusted as appropriate by changing types
and quantities and the presence or absence of a base
polymer, an additive, and the like. Further increased
hardness of the degradable rubber enables well treat-
ment in a relatively high temperature region, and also
enables adjustment to accelerate degradation. Further-
more, an acidic substance or an acid-producing sub-
stance can also be added to the degradable rubber as
necessary to increase degradability of the degradable
rubber.

[0074] The degradable rubber having the above prop-
erties is not particularly limited, and can be one selected
from rubber materials used in a known downhole tool. A
preferable example of the degradable rubber includes a
degradable rubber containing at least one selected from
the group consisting of a natural rubber, polyisoprene,
an ethylene propylene rubber, a butyl rubber, a styrene
rubber (a styrene-butadiene rubber and the like), an
acrylic rubber, an aliphatic polyester rubber, a chloro-
prene rubber, and a urethane rubber. Furthermore, from
the perspective of degradability and disintegrability, a
preferable example of the degradable rubber includes a
degradable rubber containing a rubber having a hydro-
lyzable functional group (for example, a urethane group,
an ester group, an amide group, a carboxyl group, a hy-
droxyl group, a silyl group, an acid anhydride, and an
acid halide).

[0075] From the perspective of degradability and dis-
integrability readily controllable by adjusting a structure,
hardness, and a degree of crosslinking of the degradable
rubber or by selecting other blended agents, a particularly
preferable example of the degradable rubber includes a
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urethane rubber.
Urethane Rubber

[0076] The urethane rubber (may be referred to as a
"urethane elastomer") particularly preferably used as the
degradable rubber forming the downhole tool component
is a rubber material having a urethane bond (-NH-CO-
O-) in molecules, and is normally obtained by condensa-
tion of an isocyanate compound and a compound having
a hydroxyl group. The compound having a hydroxyl group
is broadly classified into a polyester-type urethane rubber
having an ester bond in a main chain thereof (may be
referred to as an "ester-type urethane rubber" hereinaf-
ter) and a polyether-type urethane rubber having an ether
bond in a main chain thereof (may be referred to as an
"ether-type urethane rubber" hereinafter). From the per-
spective of degradability and disintegrability readily con-
trollable, the ester-type urethane rubber is particularly
preferable.

[0077] The urethane rubber is an elastic body having
both elasticity (flexibility) of a synthetic rubber and rigidity
(hardness) of plastic. The urethane rubber is generally
known to be excellent in abrasion resistance, chemical
resistance, and oil resistance, and known to exhibit high
mechanical strength, high load tolerance, and high elas-
ticity with high energy absorbency. The urethane rubber
can be classified depending on differences in a forming
method into i) a kneaded (millable) type urethane rubber
that can be formed by the same processing method as
a processing method of a general rubber; ii) a thermo-
plastic type urethane rubber that can be formed by the
same processing method as a processing method of a
thermoplastic resin, and iii) a cast type urethane rubber
that can be formed by a processing method using a liquid
raw material to perform heat curing. Any of the types of
urethane rubbers can be used as the urethane rubber
forming the rubber component for a downhole tool ac-
cording to an aspect of the present invention.

[0078] Specific examples of the urethane rubber in-
clude those prepared as follows:

(1) A rubber component for a downhole tool having
a 150°C 24-hour compressive stress decrease rate
of 100% and a 150°C volume increase rate of 2%
can be prepared by using an ester-type thermoplas-
tic urethane rubber (crosslinked type) of hardness
A95. The rubber component has a 150°C 72-hour
mass loss rate of 58%), a mass loss rate of -1% (a
volume increase) afterimmersion for 1 hour in 150°C
water, a mass loss rate of -2% (a volume increase)
after immersion for 3 hours, and a mass loss rate of
13% after immersion for 24 hours.

(2) A rubber component for a downhole tool having
a 150°C 24-hour compressive stress decrease rate
of 83% and a 150°C volume increase rate of 1% can
be prepared by using a lactone-based ester-type
thermoplastic urethane rubber (uncrosslinked type)
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of hardness D74. The rubber component has a
150°C 72-hour mass loss rate of 43%, a mass loss
rate of -1% (a volume increase) after immersion for
1 hour in 150°C water, a mass loss rate of -2% (a
volume increase) afterimmersionfor 3 hours, amass
loss rate of 2% after immersion for 24 hours, and a
mass loss rate of 33% after immersion for 48 hours.
(3) A rubber component for a downhole tool having
a 150°C 24-hour compressive stress decrease rate
of 100% and a 150°C volume increase rate of 5%
can be prepared by using an ester-type thermoplas-
tic urethane rubber (uncrosslinked type) of hardness
A70.

(4) A rubber component for a downhole tool having
a 150°C 24-hour compressive stress decrease rate
of 41% and a 150°C volume increase rate of 4.9%
can be prepared by using an ester-type thermoplas-
tic urethane rubber (crosslinked type) of hardness
A85. When a compressive stress decrease rate at
121°C of the rubber component is measured, the
compressive stress decrease rate is 1% afterimmer-
sion for 24 hours, 1% after immersion for 48 hours,
and 100% after immersion for 72 hours. A test piece
having subjected to immersion for 72 hours is found
to have cracked after the compressive stress test,
and not to recover the shape. Further, the rubber
component has a 66°C tensile fracture strain of
414%, a 66°C compressive stress of 41 MPa, and a
66°C compressive fracture strain of not less than
95%. Further, the rubber component is stable in a
dry environment, and has a23°C compressive stress
decrease rate of 0%, a compressive stress ratio at
66°C of 20 folds, and a 150°C 72-hour mass loss
rate of 72%.

(5) A rubber component for a downhole tool having
a 150°C 24-hour compressive stress decrease rate
of 100% can be prepared by using an ester-type ther-
mosetting urethane rubber of hardness A90 (with
Stabaxol (trade name) added as a hydrolysis inhib-
itor). When a decrease rate of a 50% strain compres-
sive stress obtained after immersion for specific time
in 93°C water with respect to a 50% strain compres-
sive stress obtained before the immersion (may be
referred to as a "compressive stress decrease rate
at 93°C" hereinafter) of the rubber component is
measured, the decrease rate is 28% afterimmersion
for 24 hours, 44% after immersion for 72 hours, 50%
after immersion for 168 hours, and 100% after im-
mersion for 336 hours. A test piece having subjected
to immersion for 336 hours is found to have cracked
after the compressive stress test, and not to recover
the shape. Note that the rubber component has a
150°C volume increase rate decreased, and itis as-
sumed that the rubber has degraded during the im-
mersion in the 150°C water and is distributed in the
water.

(6) A rubber component for a downhole tool having
a 150°C 24-hour compressive stress decrease rate
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of 100% can be prepared by using an ester-type ther-
mosetting urethane rubber of hardness A90 (without
a hydrolysis inhibitor added). The rubber component
has a 66°C tensile fracture strain of 206%, a 66°C
compressive stress of 22 MPa, and a 66°C compres-
sive fracture strain of not less than 95%. Further, the
rubber component is stable in a dry environment,
and has a 23°C compressive stress decrease rate
of 0%, a 66°C compressive stress ratio of 41 folds,
and a 150°C 72-hour mass loss rate of 100%. Fur-
ther, the rubber component has a compressive
stress decrease rate at 93°C of 20% afterimmersion
for 24 hours, 40% afterimmersion for 72 hours, 100%
after immersion for 168 hours, and 100% after im-
mersion for 336 hours. A test piece having subjected
to immersion for 168 hours and 336 hours is found
to have cracked and collapsed during the compres-
sive stress test. Further, a decrease rate of a 50%
strain compressive stress obtained after immersion
for specific time in 80°C water with respect to a 50%
strain compressive stress obtained before the im-
mersion (may be referred to as a "compressive
stress decrease rate at 80°C" hereinafter) of the rub-
ber component is 9% after immersion for 24 hours,
11% afterimmersion for 72 hours, 23% after immer-
sion for 168 hours, and 49% after immersion for 336
hours. Furthermore, when a decrease rate of a 50%
strain compressive stress obtained after immersion
for specific time in 66°C water with respect to a 50%
strain compressive stress obtained before the im-
mersion (may be referred to as a "compressive
stress decrease rate at 66°C" hereinafter) of the rub-
ber component is measured, the decrease rate is
not greater than 5% after immersion for 24 hours.
Furthermore, the rubbercomponenthasa 150°C vol-
ume increase rate decreased.

(7) A rubber component for a downhole tool having
a 150°C 24-hour compressive stress decrease rate
of 100% can be prepared by using an ester-type ther-
mosetting urethane rubber of hardness A82 (without
a hydrolysis inhibitor added). The rubber component
has a 66°C tensile fracture strain of 289%, a 66°C
compressive stress of 17 MPa, and a 66°C compres-
sive fracture strain of not less than 95%. Further, the
rubber component is stable in a dry environment,
and has a 23°C compressive stress decrease rate
of 0%, a compressive stress ratio at 66°C of 23 folds,
and a 150°C 72-hour mass loss rate of 100%. Fur-
ther, the rubber component has a compressive
stress decrease rate at 93°C of 8% after immersion
for 24 hours, 27 % afterimmersion for 72 hours, 100%
after immersion for 168 hours, and 100% after im-
mersion for 336 hours. A test piece having subjected
to immersion for 168 hours and 336 hours is found
to have cracked and collapsed during the compres-
sive stress test. Note that the rubber component has
a compressive stress decrease rate at 66°C of not
greater than 5% after immersion for 24 hours. Fur-
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thermore, the rubber component has a 150°C vol-
ume increase rate decreased.

[0079] Furthermore, the downhole tool component ac-
cordingto an aspect of the presentinvention may include,
in addition to the above degradable rubber, a rubber ma-
terial composition containing or blended with various ad-
ditives such as other types of rubber materials or resin
materials, a reinforcing material, a stabilizer, and a deg-
radation accelerator or a degradation inhibitor, as other
blended components within the range where the addi-
tives do not hinder the objective of the present invention.
[0080] The downhole tool component according to an
aspect of the present invention can be used in a temper-
ature region having the wide range, and the type of the
degradable rubber can also be changed as appropriate
in the temperature region.

Well Treatment Method

[0081] A welltreatment method according to an aspect
of the present invention uses any of the above downhole
tools according to an aspect of the present invention. The
well treatment method according to an aspect of the
present invention can be the same as a known well treat-
ment method except that the downhole tool according to
an aspect of the present invention is used in treatment
such as well drilling.

[0082] The well treatment method according to an as-
pect of the present invention is performed to form a well
including a porous and permeable subterranean forma-
tion to excavate and produce a hydrocarbon resource
such as petroleum or natural gas through the well.
[0083] As energy consumption increases, a deep well
is increasingly formed, and there is recorded drilling to
the depth of greater than 9000 m in the world and there
is a deep well having a depth of greater than 6000 m in
Japan. In a well continuously excavated, a production
reservoir is stimulated to continuously excavate a hydro-
carbon resource efficiently from a subterranean forma-
tion having permeability decreasing over time and from
a subterranean formation intrinsically having insufficient
permeability. Acid treatment and hydraulic fracturing are
known as a stimulation method.

[0084] The acid treatmentis a method including inject-
ing acid such as hydrochloric acid and hydrofluoric acid
into a production reservoir and dissolving a reaction com-
ponent of bedrock (such as carbonate, clay mineral, and
silicate) to increase permeability of the production reser-
voir. However, various problems associated with use of
strong acid have been mentioned, and various counter-
measures and a cost increase have also been men-
tioned. Thus, the hydraulic fracturing (may be referred to
as "fracturing") including forming a perforation or a frac-
ture to form a pore in a production reservoir by using fluid
pressure has been focused on.

[0085] The hydraulic fracturing is a method including
generating a perforation or a fracture in a production res-
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ervoir by fluid pressure such as hydraulic pressure (may
simply be referred to as "hydraulic pressure" hereinafter).
Generally, the hydraulic fracturing is a stimulation meth-
od of a production reservoir including: drilling a vertical
hole and subsequently bending the vertical hole to drill
ahorizontal hole in a subterranean formation located sev-
eral thousand meters underground; thereafter, feeding
fluid such as fracturing fluid into these wellbores (down-
holes) at high pressure; generating a fracture and the
like by hydraulic pressure in a deep subterranean pro-
duction reservoir (a layer producing a hydrocarbon re-
source such as petroleum or natural gas); and extracting
and recovering the hydrocarbon resource through the
fracture and the like. The hydraulic fracturing has also
been focused on for efficacy in development of an un-
conventional resource such as so-called shale oil (oil ma-
turing in shale) and shale gas.

[0086] The well treatment method according to an as-
pect of the present invention can be the above hydraulic
fracturing. In the hydraulic fracturing, a fracture or a per-
foration is generated by hydraulic pressure in a produc-
tion reservoir of a deep subterranean formation (a layer
producing a hydrocarbon resource such as petroleum
such as shale oil or natural gas such as shale gas) by
using fluid fed in at high pressure. In a method of gener-
ating a fracture or a perforation by hydraulic pressure,
typically, a downhole drilled in a subterranean formation
located several thousand meters undergroundis subject-
ed to isolation sequentially from a tip of the downhole to
partially close a specific section of the downhole, and
fluid is fed in at high pressure into the closed section to
generate a fracture or a perforation in a production res-
ervoir. Then, the next specific section (typically, a section
nearer to the ground surface than the preceding section,
that is, a section on the ground surface side) is closed to
generate a fracture or a perforation. Subsequently, this
step is repeated until completion of necessary isolation
and formation of a fracture or a perforation.

[0087] The above downhole plug can be used to close
adownhole and to generate a fracture. Sealing of adown-
hole by the downhole plug for well drilling is performed
as follows. That is, the mandrel is moved in the axial
direction of the mandrel, and accordingly, as a gap be-
tween a ring or an annular member and an anti-rotation
feature reduces, the slip comes into contact with a slant
surface of a conical member and proceeds along the con-
ical member, and thus, the slip expands radially outward,
and comes into contact with an inner wall of a downhole
to be fixed in the downhole; and a malleable element
deforms by diametric expansion, and comes into contact
with the inner wall of the downhole to seal the downhole.
The mandrel includes a hollow part in the axial direction,
and a ball or the like is set in the hollow part, and accord-
ingly, the downhole can be sealed.

[0088] Downhole plugs used in well drilling are dis-
posed sequentially in a well until the well is completed,
but the downhole plugs need to be removed when pro-
duction of petroleum such as shale oil or natural gas such
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as shale gas starts. A typical plug not designed to be
retrievable after use and release of closure is destroyed
or broken into small fragments by milling, drilling out, or
another method to be removed, but substantial costs and
time have been necessary for milling, drilling out, and the
like. Furthermore, there is also a plug specially designed
to be retrievable after use, but since the plugs are placed
in deep subterranean, substantial costs and time have
been necessary for retrieving all of the plugs.

[0089] Since the well treatment method according to
an aspect of the present invention uses the downhole
tool according to an aspect of the present invention in
well drilling, the downhole tool component according to
an aspect of the present invention constituting the down-
hole tool to be removed after well drilling readily degrades
in a chloride solution. Therefore, there is no need to re-
trieve the downhole tool with costs and time. Time until
the downhole tool is removed after the downhole tool is
placed in a well is approximately from 1 day to 1 month,
and approximately from 3 days to 3 weeks, and in par-
ticular, approximately from 5 days to 2 weeks.

[0090] The well treatment method according to an as-
pect of the present invention preferably includes a step
of degrading the downhole tool by pumping a chloride
solution into a downhole after well drilling. At the above
step, the chloride solution pumped into the downhole is
not particularly limited as long as the chloride solution
degrades the magnesium alloy forming the downhole tool
component, but is preferably a potassium chloride aque-
ous solution. Furthermore, at the above step, the potas-
sium chloride aqueous solution pumped into the down-
hole is more preferably a 2% to 7% potassium chloride
aqueous solution. Further, the potassium chloride aque-
ous solution is particularly preferably warmed to 93°C. A
0.01% to 0.5% potassium chloride aqueous solution can
also be used instead of the above potassium chloride
aqueous solution. Note that in the well treatment method
according to an aspect of the present invention, the chlo-
ride solution used according to a state of clay during well
drilling may be used as the chloride solution for degrading
the downhole tool.

[0091] According to the well treatment method accord-
ing to an aspect of the present invention, since the down-
hole tool used has high strength and is also readily de-
gradable, an operation such as closure, perforation, and
fracturing can be performed reliably, and also the down-
hole tool can be removed readily and a flow path can be
secured readily under diverse well environment condi-
tions to contribute to a cost reduction and shortening of
steps.

Method of Producing Stock Shape for Downhole Tool
Component

[0092] The stock shape for adownhole tool component
according to an aspect of the present invention can be
obtained by processing a cast product obtained by cast-
ing the above magnesium alloy raw material. Examples
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of a method of processing a cast product include extru-
sion processing, rolling processing, and forging process-
ing. These types of processing may be hot processing
or cold processing.

Casting

[0093] In the method of producing a stock shape for a
downhole tool component according to an aspect of the
present invention, first, a raw material including not less
than 70 wt.% and not greater than 95 wt.% of magnesium,
not less than 0 wt.% and less than 0.3 wt.% of a rare
earth metal, a metal material other than the magnesium
and the rare earth metal, and not less than 0.1 wt.% and
not greater than 20 wt.% of a degradation accelerator is
cast, and a thermal refining step may further be per-
formed as necessary. Accordingly, the metal material in-
cludes a portion having crystallized out during casting
and having undergone solid solution, and a portion re-
maining without undergoing solid solution. An average
crystal grain size of the magnesium in the cast product
can be controlled by casting conditions.

[0094] The magnesium alloy material can be gravity
cast, die cast, low-pressure cast, or high-pressure cast.
The high-pressure casting may be used to further reduce
an average particle size of the metal material in the mag-
nesium phase in the magnesium alloy material. As for
the casting conditions, the magnesium alloy material
melted in an argon gas, chlorine gas, sulfur hexafluoride
gas, or nitrogen gas atmosphere may be poured into a
desired die, and thereafter, may be cooled at a temper-
ature of not lower than 0°C and not higher than 100°C,
and at a cooling rate of not less than 20°C/second with
application of pressure of not less than 5 MPa and not
greater than 100 MPa. A temperature at which the mag-
nesium alloy material is melted may be not lower than
650°C and not higher than 850°C, or may be not lower
than 700°C and not higher than 800°C.

[0095] Furthermore, crystal grain refinementtreatment
may also be performed on the cast product. The average
particle size of the metal material in the magnesium
phase can be further reduced by performing the crystal
grain refinement treatment on the cast product. The crys-
tal grain refinement treatment performed during the cast-
ing may be known crystal grain refinement treatment in
the related art, and examples of the crystal grain refine-
menttreatmentinclude a method including adding a crys-
tal refining material such as cane sugar, hexachlo-
roethane, and boron and then pouring the melted mag-
nesium alloy material into a die, and a method including
rapid solidification by a twin roll process.

[0096] Further, a magnesium alloy in which any of the
rare earth metal, the metal material, and the degradation
accelerator is distributed in advance or in which all of the
rare earth metal, the metal material, and the degradation
accelerator are distributed in advance may be melted in
the magnesium phase and cast. Accordingly, a stock
shape for a downhole tool component in which the rare
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earth metal, the metal material, and the degradation ac-
celerator are more uniformly distributed can be obtained.
When the stock shape for a downhole tool componentin
which the rare earth metal, the metal material, and the
degradation accelerator are more uniformly distributed
is used, a downhole tool and a downhole tool component
uniformly exhibiting high strength and given sufficient
strength and being also rapidly and reliably degradable
at a uniform degradation rate can be established.
[0097] Inthe casting step, the castingis preferably per-
formed to obtain a cast product (cast billet) measuring
not less than 6 inches and not greater than 12 inches.
Accordingly, the stock shape for a downhole tool com-
ponent having high strength can be obtained.

Extrusion processing

[0098] An extruded product may be obtained by further
extruding the cast product having been cast as described
above. Accordingly, a stock shape for a downhole tool
component having tensile strength of not less than 200
MPa and not greater than 500 MPa can be obtained. The
extrusion processing is preferably hot extrusion, cold ex-
trusion, or warm extrusion, and is more preferably hot
extrusion.

[0099] An extrusion temperature is preferably not low-
er than 200°C and not higher than 550°C, and may be
not lower than 300°C and not higher than 500°C, or may
be not lower than 350°C and not higher than 450°C. An
extrusion ratio may be from 1.5 to 300.

[0100] An extruded product having an outer diameter
of not less than 30 mm and not greater than 200 mm is
preferably obtained by performing such extrusion
processing. Accordingly, the stock shape for a downhole
tool component having high strength can be obtained.

Rolling processing

[0101] A-rolled product may be obtained by further roll-
ing the cast product having been cast as described
above. Accordingly, a stock shape for a downhole tool
component having tensile strength of not less than 200
MPa and not greater than 500 MPa can be obtained. The
rolling processing is preferably hot rolling, cold rolling, or
warm rolling, and is more preferably hot rolling.

[0102] A rolling temperature is preferably not lower
than 200°C and not higher than 550°C, and may be not
lower than 300°C and not higher than 500°C, or may be
not lower than 350°C and not higher than 450°C.
[0103] Arolled product having an outer diameter of not
less than 30 mm and not greater than 200 mm is prefer-
ably obtained by performing such rolling processing. Ac-
cordingly, the stock shape for a downhole tool component
having high strength can be obtained.

Forging processing

[0104] A forged product may be obtained by further
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forging the cast product having been cast as described
above. For example, the cast product is pressure forged.
Accordingly, a stock shape for a downhole tool compo-
nent that is a forged product having tensile strength of
not less than 200 MPa and not greater than 500 MPa is
obtained. The forging processing is preferably hot forg-
ing, cold forging, or cast forging, and is more preferably
hot forging.

[0105] A forging temperature is preferably not lower
than 200°C and not higher than 550°C, more preferably
not lower than 300°C and not higher than 500°C, and
even more preferably not lower than 250°C and not high-
er than 350°C. A draft may be not less than 25% and not
greater than 90%.

[0106] A forged product having an outer diameter of
not less than 30 mm and not greater than 200 mm is
preferably obtained by performing such forging process-
ing. Accordingly, the stock shape for a downhole tool
component having high strength can be obtained.
[0107] The extruded product, the rolled product, the
forged product, or the like obtained by the above process-
ing may be further heat treated to cause the metal ma-
terial in the crystal grains to diffuse. A temperature in the
heat treatment is preferably not lower than 300°C and
not higher than 600°C, and may be not lower than 350°C
and not higher than 450°C. Note that heat treatment time
is not particularly limited, but the heat treatment may be
performed for, for example, not less than 3 minutes and
not greater than 24 hours.

[0108] A shape of the stock shape for a downhole tool
component obtained by the extrusion processing, theroll-
ing processing, the forging processing, or the like is not
particularly limited but may be, for example, a rod shape,
a hollow shape or a plate shape. A downhole tool or a
downhole tool componenthaving a ball shape, oradown-
hole tool or a downhole tool component including a rod-
shaped body, a hollow body, or a plate-shaped body hav-
ing a heteromorphic cross section (for example, a rod-
shaped body or a hollow body including portions having
different outer diameters and/or inner diameters in a
length direction) can be produced by subjecting the ob-
tained stock shape to machining such as cutting and per-
foration as necessary. Further, a downhole tool or a
downhole tool component may be produced by combin-
ing molded products obtained by these production meth-
ods by using a known method.

Additional Matters

[0109] The stock shapeforadownhole tool component
according to an aspect of the presentinvention preferably
has the average particle size of the metal material and
the degradation accelerator of not greater than 100 pum.
[0110] Thestock shape foradownhole tool component
according to an aspect of the presentinvention preferably
has tensile strength of not less than 300 MPa and not
greater than 500 MPa.

[0111] In the stock shape for a downhole tool compo-
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nent according to an aspect of the present invention, the
degradation accelerator is preferably at least one metal
selected from the group consisting of iron, nickel, copper,
cobalt, zinc, cadmium, calcium, and silver.

[0112] The stock shape for adownhole tool component
according to an aspect ofthe presentinvention preferably
has a ratio of the degradation rate in a 2% potassium
chloride aqueous solution at 93°C and the degradation
ratein a 7% potassium chloride aqueous solution at 93°C
of 1.01:1 to 3.0:1.

[0113] In the stock shape for a downhole tool compo-
nent according to an aspect of the present invention, the
metal material is preferably at least one metal selected
from the group consisting of aluminum and zirconium.
[0114] The stock shape for adownhole tool component
according to an aspect ofthe presentinvention preferably
includes aluminum as the metal material and includes
zinc as the degradation accelerator. A content of the alu-
minum is preferably not less than 3 wt.% and not greater
than 15 wt.%, and a content of the zinc is preferably not
less than 0.1 wt.% and not greater than 5 wt.%.

[0115] The stock shape for adownhole tool component
according to an aspect ofthe presentinvention preferably
has an outer diameter of not less than 30 mm and not
greater than 200 mm.

[0116] The downhole tool component according to an
aspect of the present invention preferably serves as a
mandrel or a side part.

[0117] In the downhole tool component according to
an aspect of the present invention, the side part prefer-
ably serves as at least a portion of a slip, a shear sub, a
load ring, a cone, or a side part fixing screw.

[0118] The downhole tool component according an as-
pect of the present invention preferably serves as a seal-
ing component configured to temporarily seal a flow path
in a downhole tool or a portion of the sealing component.
[0119] In the downhole tool component according to
an aspect of the present invention, the sealing compo-
nent preferably has a ball shape, a screw shape, or a
push pin shape.

[0120] The downhole tool according to an aspect of
the present invention preferably serves as a frac plug or
a bridge plug.

[0121] The downhole tool according to an aspect of
the present invention preferably further includes a down-
hole tool component formed with a degradable resin.
[0122] In the downhole tool according to an aspect of
the present invention, the degradable resin is preferably
polyester.

[0123] In the downhole tool according to an aspect of
the present invention, the polyester is preferably polyg-
lycolic acid.

[0124] The downhole tool according to an aspect of
the present invention preferably further includes a down-
hole tool component formed with a degradable rubber.
[0125] The stock shape for adownhole tool component
according to an aspectofthe presentinvention preferably
includes at least one selected from the group consisting
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ofiron, nickel, and copper as the degradation accelerator.
[0126] The stock shapeforadownhole tool component
according to an aspect of the presentinvention preferably
includes not less than 0.01 wt.% and not greater than 20
wt.% of at least one selected from the group consisting
of iron, nickel, copper, and cobalt as the metal material.
[0127] An aspect of the presentinvention is not limited
to each embodiment described above, and various mod-
ifications can be made within the scope of the claims.
Embodiments obtained by appropriately combining the
technical means disclosed in the different embodiments
also fall within the technical scope of an aspect of the
present invention.

Examples
Example 1

[0128] A stock shape having an outer diameter of 50
mm and an inner diameter of 20 mm was obtained as
described in the embodiments from a magnesium alloy
material including 9 wt. % of aluminum and 0.2% of man-
ganese as a metal material, and 0.6 wt.% of zinc, 2 wt.%
of calcium, and from 0.2 wt.% to 0.5 wt.% of nickel as a
degradation accelerator.

[0129] The obtained stock shape was observed by
SEM, and an average crystal grain size of the magnesium
alloy was measured by visually measuring the observed
crystal grain size. As a result, the average crystal grain
size of the stock shape of Example 1 was from 20 to 40
pm.

[0130] Furthermore, tensile strength of the obtained
stock shape was measured in conformance with
JISZ2241 (ISO6892) by using a test piece set forth in JIS
Z2201 and applying strain until fracture occurs by tensile
force. As aresult, the tensile strength of the stock shape
of Example 1 was 310 MPa.

[0131] Further,adegradationrate of the obtained stock
shape was measured as follows. Thatis, the stock shape
including a square surface measuring 10 mm on a side
was immersed in 1 L of a 2% KC1 aqueous solution at
93°C, and the weight (mg) of the shape material degrad-
ed in 3 hours was measured. As a result, the degradation
rate in a 2% KC1 solution at 93°C of the stock shape of
Example 1 was 1120 mg/cm? per day. Similarly, a deg-
radation rate in a 7% KCI solution at 93°C of the stock
shape of Example 1 was 2142 mg/cm?2 per day. Further-
more, a degradation rate in a 0.5% KC1 aqueous solution
at 93°C of the stock shape of Example 1 was 829 mg/cm?
per day, and a degradation rate in a 0.1% KCI aqueous
solution at 93°C of the stock shape of Example 1 was
287 mg/cm? per day. Note that a degradation rate in a
2% KC1 solution at 66°C of the stock shape of Example
1 was 834 mg/cm? per day.

[0132] Furthermore, when a square PGA stock shape
measuring approximately 15 mm on a side and a square
Mg stock shape measuring 10 mm on a side were im-
mersed in a 0.05% KC1 aqueous solution at 93°C and a
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degradation rate of the Mg stock shape was measured,
the degradation rate of the Mg stock shape was 220
mg/cm? per day. A degradation rate obtained when the
PGA stock shape and the Mg stock shape were im-
mersed in ion-exchanged water was 107 mg/cm2.

Example 2

[0133] A stock shape having an outer diameter of 59
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt. % of alu-
minum and 0.2% of manganese as a metal material, and
0.6 wt.% of zinc, 2 wt.% of calcium, and from 0.5 wt.%
to 1.0 wt.% of nickel as a degradation accelerator.
[0134] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
20 to 50 pm.

[0135] When tensile strength and a degradation rate
of the stock shape of Example 2 were measured in the
same manner as in Example 1, the tensile strength was
310 MPa, the degradation rate in a 1% KCI solution at
93°C was 2459 mg/cm? per day, the degradation rate in
a 2% KC1 solution at 93°C was 2422 mg/cm?2 per day,
and the degradation rate in a 7% KC1 solution at 93°C
was 2660 mg/cm? per day.

Example 3

[0136] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt.% of alu-
minum, 0.2% wt.% of manganese, and 0.02 wt.% of sil-
icon as a metal material, and 0.5 wt.% of zinc and 0.5
wt.% of nickel as a degradation accelerator.

[0137] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
10 to 30 um.

[0138] When tensile strength and a degradation rate
of the stock shape of Example 3 were measured in the
same manner as in Example 1, the tensile strength was
322 MPa, the degradation rate in a 2% KCI solution at
93°C was 1441 mg/cm? per day, and the degradation
rate in a 7% KC1 solution at 93°C was 1968 mg/cm? per
day.

[0139] Furthermore, when a square PGA stock shape
measuring approximately 15 mm on a side and a square
Mg stock shape measuring 10 mm on a side were im-
mersed in a 2% KCI aqueous solution at 93°C and a
degradation rate of the Mg stock shape was measured,
the degradation rate of the Mg stock shape was 1549
mg/cm?2 per day. A degradation rate obtained when the
PGA stock shape and the Mg stock shape were im-
mersed in a 0.05% KC1 solution was 340 mg/cm?2, and
a degradation rate obtained when the PGA stock shape
and the Mg stock shape were immersed in ion-ex-
changed water was 138 mg/cm2,
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Example 4

[0140] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 0.5 wt.% of
zirconium as a metal material, and 5 wt.% of zinc and 1
wt.% of nickel as a degradation accelerator.

[0141] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
10 to 50 pm.

[0142] When tensile strength and a degradation rate
of the stock shape of Example 4 were measured in the
same manner as in Example 1, the tensile strength was
303 MPa, the degradation rate in a 1% KCI solution at
93°C was 305 mg/cm? per day, the degradation rate in
a 2% KC1 solution at 93°C was 422 mg/cm?2 per day, and
the degradation rate in a 7% KC1 solution at 93°C was
714 mg/cm2 per day.

Example 5

[0143] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt.% of alu-
minum as a metal material, and 0.5 wt.% of zinc and 2.6
wt.% of copper as a degradation accelerator.

[0144] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
10 to 50 pm.

[0145] When tensile strength and a degradation rate
of the stock shape of Example 5 were measured in the
same manner as in Example 1, the tensile strength was
329 MPa, the degradation rate in a 2% KCI solution at
93°C was 95 mg/cm?2 per day, and the degradation rate
in a 7% KC1 solution at 93°C was 98 mg/cm? per day.

Example 6

[0146] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt.% of alu-
minum as a metal material, and 0.5 wt.% of zinc, 2.6 wt.%
of copper, and 0.5 wt.% of nickel as a degradation ac-
celerator.

[0147] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
10 to 50 pm.

[0148] When tensile strength and a degradation rate
of the stock shape of Example 6 were measured in the
same manner as in Example 1, the tensile strength was
350 MPa, the degradation rate in a 2% KCI solution at
93°C was 1050 mg/cm?2 per day, and the degradation
rate in a 7% KCI solution at 93°C was 1100 mg/cm? per
day.
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Example 7

[0149] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt.% of alu-
minum as a metal material, and 0.6 wt.% of zinc, 2 wt.%
of calcium, and 0.2 wt.% of nickel as a degradation ac-
celerator.

[0150] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
10 to 100 wm.

[0151] When tensile strength and a degradation rate
of the stock shape of Example 7 were measured in the
same manner as in Example 1, the tensile strength was
300 MPa, the degradation rate in a 2% KCI solution at
93°C was 1922 mg/cm?2 per day, and the degradation
rate in a 7% KClI solution at 93°C was 1942 mg/cm?2 per
day.

Example 8

[0152] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt.% of alu-
minum as a metal material, and 0.5 wt.% of zinc and
0.012 wt.% of nickel as a degradation accelerator.
[0153] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
100 to 200 pm.

[0154] When tensile strength and a degradation rate
of the stock shape of Example 8 were measured in the
same manner as in Example 1, the tensile strength was
319 MPa, the degradation rate in a 1% KCI solution at
93°C was 104 mg/cm? per day, the degradation rate in
a 2% KCI solution at 93°C was 1230 mg/cm? per day,
and the degradation rate in a 7% KCI solution at 93°C
was 280 mg/cm? per day.

[0155] Furthermore, when a square PGA stock shape
measuring approximately 15 mm on a side and a square
Mg stock shape measuring 10 mm on a side were im-
mersed in a 2% KCI aqueous solution at 93°C and a
degradation rate of the Mg stock shape was measured,
the degradation rate of the Mg stock shape was 666
mg/cm?2 per day. A degradation rate obtained when the
PGA stock shape and the Mg stock shape were im-
mersed in a 0.05% KClI solution was 100 mg/cm?2, and a
degradation rate obtained when the PGA stock shape
and the Mg stock shape were immersed in ion-ex-
changed water was 50 mg/cm?2,

Example 9

[0156] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt.% of alu-
minum as a metal material, and 1 wt.% of zinc and 16
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wt.% of iron as a degradation accelerator.

[0157] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
50 to 100 pm.

[0158] When tensile strength and a degradation rate
of the stock shape of Example 9 were measured in the
same manner as in Example 1, the tensile strength was
276 MPa, the degradation rate in a 2% KCI solution at
93°C was 365 mg/cm?2 per day, and the degradation rate
in a 7% KClI solution at 93°C was 397 mg/cm?2 per day.

Example 10

[0159] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 9 wt.% of alu-
minum as a metal material, and 1 wt.% of zinc and 10
wt.% of copper as a degradation accelerator.

[0160] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
50 to 100 pm.

[0161] When tensile strength and a degradation rate
of the stock shape of Example 10 were measured in the
same manner as in Example 1, the tensile strength was
345 MPa, the degradation rate in a 2% KCI solution at
93°C was 50 mg/cm?2 per day, and the degradation rate
in a 7% KClI solution at 93°C was 76 mg/cmZ2 per day.

Example 11

[0162] A stock shape having an outer diameter of 10
mm was obtained in the same manner as in Example 1
from a magnesium alloy material including 8 wt.% of alu-
minum as a metal material, and 0.5 wt.% of nickel as a
degradation accelerator.

[0163] When an average crystal grain size of the ob-
tained stock shape was measured in the same manner
as in Example 1, the average crystal grain size was from
10 to 100 pm.

[0164] When tensile strength and a degradation rate
of the stock shape of Example 11 were measured in the
same manner as in Example 1, the tensile strength was
340 MPa, the degradation rate in a 1% KCI solution at
93°C was 1214 mg/cm? per day, the degradation rate in
a 2% KClI solution at 93°C was 1416 mg/cm? per day,
and the degradation rate in a 7% KCI solution at 93°C
was 1840 mg/cm? per day.

Example 12

[0165] Anodizing treatment was performed by a meth-
od set forth in JIS H 8651 on the stock shape obtained
in Example 1 and including a square surface measuring
10 mmonaside, and an anodized film was formed. When
a degradation rate was measured in the same manner
asin Example 1, the degradationratein a 2% KCl solution
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at 93°C was 0 mg/cm?2 per day. The stock shape was
immersed in an acidic aqueous solution at pH 3 to dis-
solve the film, and then the stock shape degraded in the
same manner as in Example 1.

Example 13

[0166] The stock shape obtained in Example 1 and in-
cluding a square surface measuring 10 mm on a side
was sprayed with modified PTFE dissolved in a solvent,
and was heated at 300°C. This operation was performed
twice. When a degradation rate was measured in the
same manner as in Example 1, the degradation rate in
a 2% KCl solution at 93°C was 0 mg/cm? per day. When
a coating layer on the surface was peeled, the stock
shape degraded in the same manner as in Example 1.

Example 14

[0167] The stock shape obtained in Example 1 and in-
cluding a square surface measuring 10 mm on a side
was coated with polyethylene powder by fluidized bed
coating. When a degradation rate was measured in the
same manner as in Example 1, the degradation rate in
a 2% KCl solution at 93°C was 0 mg/cm? per day. When
a coating layer on the surface was peeled, the stock
shape degraded in the same manner as in Example 1.

Comparative Example 1

[0168] When a crystal grain size and tensile strength
of commercially available pure magnesium were meas-
ured, the crystal grain size was from 10 to 50 um and
the tensile strength was 190 MPa. When a degradation
rate of the pure magnesium was measured in the same
manner as in Example 1, the degradation rate in a 15%
KCl solution at 93°C was 17 mg/cm? per day.

Comparative Example 2

[0169] When a crystal grain size and tensile strength
of a commercially available AZ31 magnesium alloy were
measured, the crystal grain size was from 10 to 50 um
and the tensile strength was 255 MPa. When a degra-
dation rate of the pure magnesium was measured in the
same manner as in Example 1, the degradation rate in
a 15% KClI solution at 93°C was 2 mg/cm? per day.
Industrial Applicability

[0170] The present invention can be used in the field
of drilling in natural resource development.

Reference Signs List
[0171]

1 Mandrel



33

2 Diameter-expandable annular rubber component
3,3 Slip

4, 4 Backup ring

5 Load ring

6, 6' Cone

7 Shear sub

8 Bottom

9 Ball

Claims

A stock shape for a downhole tool component, the
stock shape comprising amagnesium alloy including
a phase containing not less than 70 wt.% and not
greater than 95 wt.% of magnesium in which
notless than 0 wt.% and less than 0.3 wt.% of a rare
earth metal,

a metal material other than the magnesium and the
rare earth metal, and

not less than 0.1 wt.% and not greater than 20 wt.%
of a degradation accelerator are distributed;
wherein the shape material has an average crystal
grain size of the magnesium alloy of not less than
0.1 pm and not greater than 300 pwm,

tensile strength of not less than 200 MPa and not
greater than 500 MPa, and

a degradation rate in a 2% potassium chloride aque-
ous solution at 93°C of not less than 20 mg/cm?2 and
not greater than 20000 mg/cmZ per day.

The stock shape for a downhole tool component ac-
cording to claim 1, wherein an average particle size
of the metal material and the degradation accelerator
is not greater than 100 pm.

The stock shape for a downhole tool component ac-
cording to claim 1 or 2, wherein the tensile strength
is not less than 300 MPa and not greater than 500
MPa.

The stock shape for a downhole tool component ac-
cording to any one of claims 1 to 3, wherein the deg-
radation accelerator includes at least one metal se-
lected from the group consisting of iron, nickel, cop-
per, cobalt, zinc, cadmium, calcium, and silver.

The stock shape for a downhole tool component ac-
cording to any one of claims 1 to 4, wherein a ratio
of a degradation rate in a 2% potassium chloride
aqueous solution at 93°C and a degradation rate in
a 7% potassium chloride aqueous solution at 93°C
is from 1.01:1 to 3.0:1.

The stock shape for a downhole tool component ac-
cording to any one of claims 1 to 5, wherein the metal
material includes at least one metal selected from
the group consisting of aluminum and zirconium.
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The stock shape for a downhole tool component ac-
cording to any one of claims 1 to 6, the stock shape
comprising:

aluminum as the metal material and zinc as the
degradation accelerator; and

having a content of the aluminum of not less
than 3 wt.% and not greater than 15 wt.%, and
a content of the zinc of less than 0.1 wt.% and
not greater than 5 wt.%.

The stock shape for a downhole tool component
according to any one of claims 1 to 7, wherein the
stock shape has an outer diameter of not less than
30 mm and not greater than 200 mm.

A downhole tool component formed with the stock
shape for a downhole tool component according to
any one of claims 1 to 8.

The downhole tool component according to claim 9,
wherein the downhole tool component serves as a
mandrel or a side part.

The downhole tool component according to claim
10, wherein the side part serves as at least a portion
of a slip, a shear sub, a load ring, a cone, or a side
part fixing screw.

The downhole tool component according to claim 9,
wherein the downhole tool component serves as a
sealing component configured to temporarily seal a
flow path in a downhole tool, or a portion of the seal-
ing component.

The downhole tool component according to claim
12, wherein the sealing component has a ball shape,
a screw shape, or a push pin shape.

A downhole tool comprising the downhole tool com-
ponent according to any one of claims 9 to 13.

The downhole tool according to claim 14, wherein
the downhole tool serves as a frac plug or a bridge

plug.

The downhole tool according to claim 14 or 15, fur-
ther comprising a downhole tool component formed
with a degradable resin.

The downhole tool according to claim 16, wherein
the degradable resin includes polyester.

The downhole tool according to claim 17, wherein
the polyester includes polyglycolic acid.

The downhole tool according to any one of claims
14 to 18, further comprising a downhole tool compo-
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21.

22.

23.
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nent formed with a degradable rubber.

A well treatment method using the downhole tool
according to any one of claims 14 to 19.

The stock shape for a downhole tool component ac-
cording to claim 4, comprising at least one selected
from the group consisting of iron, nickel, and copper
as the degradation accelerator.

A stock shape for a downhole tool component, the
stock shape comprising amagnesium alloy including
a phase containing not less than 70 wt.% and not
greater than 95 wt.% of magnesium in which

not less than 0 wt.% and less than 0.3 wt.% of a rare
earth metal and

a metal material other than magnesium and the rare
earth metal

are distributed;

wherein the stock shape has an average crystal grain
size of the magnesium alloy of not less than 0.1 pum
and not greater than 300 pm, and

tensile strength of not less than 200 MPa and not
greater than 500 MPa.

The stock shape for a downhole tool component ac-
cording claim 22, comprising not less than 0.01 wt.%
and not greater than 20 wt.% of at least one selected
from the group consisting of iron, nickel, copper, and
cobalt as the metal material.
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